We summarize recent developments in the prediction for αs(MZ), self-consistent string unification and the dynamical determination of mass scales, and leptophobic Z ′ gauge bosons in the context of stringy flipped SU(5).
An oldie but goodie
Flipped SU(5) enthusiasts keep discovering hidden treasures, even after 10 years from its birth [1] . As is well known, the model attains its highest relevance in strings: efforts by several groups using different approaches have not (yet?) yielded appealing "string GUTs" [SO (10) ]. Among levelone Kac-Moody models, only flipped SU(5) unifies SU(3) and SU (2) , providing an explanation for the "LEP scale" [10 16 GeV]. The discrepancy between "observed" and predicted unification scales -M LEP ∼ 10
16 GeV versus M string ∼ 10
18 GeV -seems to have only way out: extra intermediate-scale states [2] . This solution was realized early on in stringy flipped SU(5) [3] . Here we summarize how this scenario may be achieved in practice [4] , including the prediction for α s (M Z ) [5] , and also discuss the latest "flipped" goodie: a leptophobic Z ′ [6] .
Some basics first
Matter fields:
Starting from the low-energy Standard Model gauge couplings, and evolving them from low to high energies, first α 2 and α 3 unify at M 32 [5] 
M Z Solving for α 3 , to lowest order:
What happens at next-to-leading order?
Since there is no problem with proton decay, δ heavy can be negative. We obtain α s (M Z ) as low as 0.108 (see Fig. 1 ). However, decreasing M 32 decreases the proton lifetime 
Stringy Flipped SU(5)
String construction in fermionic formulation [3] Gauge group:
Particle spectrum Observable Sector: [4] of SU (4) The F i , F j fields carry ±1/2 electric charges and exist only confined in hadron-like cryptons.
The cubic and non-renormalizable terms in the superpotential have been calculated [3] , and more recently also the Kähler potential [7] . The properties of the Kähler potential illuminate the vacuum energy (which vanishes at tree level and possibly also at one loop) and determine the pattern of soft-supersymmetry-breaking masses, which has distinct experimental consequences [8] .
String unification
Assume that with N f "massless" flavors with supersymmetrybreaking scalar masses [9] .
Supersymmetrybreaking masses (m) yield finite condensates
and we can calculate M 10 from first principles
This result allows self-consistent string unification. The results for the various scales as a function of α s (M Z ) are shown in Fig. 3 . The full evolution of the gauge couplings from the weak scale to the string scale is shown in Fig. 4 for the preferred choices of α s (M Z ) = 0.116 and N 4 = 2. 
Λ 4 (4) (2) (0) (1) mixing) is also possible, as in the η-model in E 6 [10] .
Any Z-Z ′ mixing shifts the usual Z couplings 
We can determine the first-order shifts in Γ cc , Γ bb , and Γ had , allowing for non-universal c 1,2,3 charges picked from
This U ′ charge space satisfies specific requirements: The leptons (inf 2,3,5 , ℓ There is a unique U ′ that is leptophobic 
String scenario
Experimental limits:
Average up/down; multiply by
Only limit from UA2: M Z ′ > 260 GeV, but only if g Z ′ = g Z . Z ′ contributes to top-quark cross section (see Fig. 3 in Ref. [6] ) at a level that may be observable if M Z ′ ∼ 500 GeV. Parity-violating spin asymmetries at RHIC may also show deviations from Standard Model expectations because of the tchannel exchange of our parity-violating Z ′ . In sum, flipped SU(5) continues to provide unsolicited solutions to unanticipated problems, as evidenced most recently by the self-consistent string unification and the possible existence of a leptophobic Z ′ gauge boson.
